We aim to evaluate the efficacy and safety of combination therapy in erosive reflux disease (ERD) patients by comparing endoscopic healing rates according to the Los Angeles classification for esomeprazole alone, and esomeprazole plus mosapride.
Introduction
Gastroesophageal reflux disease (GERD) is one of the most common diseases that causes symptoms like regurgitation or heartburn or tissue injury due to reflux of gastric contents into the esophagus. 1, 2 When erosions or ulcers are also observed in the esophagus during endoscopy, it is defined as erosive reflux disease (ERD). GERD impairs the patient's quality of life (QOL) 3 and thus requires appropriate treatment; up to now, medication with protein pump inhibitors (PPIs) has been considered the best therapy. 4, 5 The clinical guidelines for GERD published in Korea in 2012, 6 as well as diagnosis and treatment guidelines for GERD published in the United States in 2013, 7 indicate that PPIs are the most effective drugs for the treatment of ERD, with a high level of evidence and a strong level of recommendation. GERD is a complex multifactorial disease, which can be caused by excessive gastroesophageal reflux, reduced esophageal clearance of refluxed gastric contents, increased gastric acid, or increased sensitivity to refluxed contents in the esophageal mucosa. 8 Among these possible etiologies, however, PPIs only affect acid production, with no effect on other mechanisms. For this reason, several drugs are prescribed in combination to increase the therapeutic effect, and the most common of these are prokinetic agents. 9 According to the 2012 Korean clinical guidelines for GERD, prokinetics can help improve symptoms in GERD patients when prescribed together with PPIs, 6 but the current level of evidence is low, and the results of different studies are inconsistent.
Mosapride is a typical prokinetic agent, which not only promotes esophageal and gastric motility as a 5-hydroxytryptamine receptor 4 (5-HT 4 ) agonist, but also reduces visceral hypersensitivity. 10 According to previous studies, PPI + mosapride combination therapy significantly improves ERD symptoms compared to PPI alone, but there was no major difference in the endoscopic healing rate. 11 A recent meta-analysis concluded that the combination therapy partially helps to improve QOL, but that it has no effect on alleviating symptoms or endoscopic healing. 12 However, the number of studies included was small, ERD and non-erosive reflux disease (NERD) were both included, and there was heterogeneity in the PPI and prokinetics used; there was especially a lack of studies on the endoscopic healing rate and symptoms improvement following combination therapy in ERD patients. Therefore, this clinical trial aims to evaluate the efficacy and safety of combination therapy in ERD patients by comparing endoscopic healing rate according to the Los Angeles (LA) classification for esomeprazole alone and esomeprazole + mosapride.
Materials and Methods

Study Design and Participants
This study was a double-blind, randomized, multicenter, investigator-initiated clinical trial, conducted with 116 participants between November 2012 and June 2015. Four university hospitals participated in the trial--Kyungpook National University Hospital, Keimyung University Dongsan Medical Center, Daegu Catholic University Medical Center, and Yeungnam University Medical Center. The trial was conducted in accordance with Korean Good Clinical Practice and the Helsinki Declaration. The trial followed a protocol that previously approved by the Korean Ministry of Food and Drug Safety, and the Institutional Review Boards of the all participating organizations. All subjects participating in the trial gave their informed, written consent. All procedures and data from the trial were subject to careful monitoring.
Adult men and women, 20-70 years of age, who had complained of GERD symptoms (eg, heartburn and gastric acid reflux), or atypical symptoms (eg, chest pain, globus sensation, etc) for the last 3 months and at least 2 days in the week prior to the trial, and who had been diagnosed with grade A-D esophagitis (LA classification) in an upper gastrointestinal endoscopy examination in the last 5 weeks, were included in the study.
Exclusion criteria were as follows: patients with no GERD symptoms; patients whose symptoms were determined by the investigator to result from irritable bowel syndrome; patients with symptoms indicative of severe or malignant diseases, including unintended weight loss, hematemesis, hematochezia, or jaundice; patients with severe liver dysfunction or liver disease; patients with severe renal diseases, including chronic renal disease or renal dysfunction; patients with uncontrolled diabetes, cerebrovascular disease, or patients diagnosed within the last 3 months with a disease that requires surgery during the clinical trial period; patients diagnosed with Zollinger-Ellison syndrome, primary esophageal motility disorder, esophageal stricture, duodenal or gastric ulcer, malignant disease of the upper gastrointestinal tract, pancreatitis, disorders of absorption, severe cardiovascular disease, or lung disease within the last 3 months; patients who had taken PPIs within the last 28 days, had undergone endoscopy within the last 2 weeks, or had taken daily histamine H2 receptor antagonist, sucralfate, prokinetics, or antacids daily up to the initial visit; and finally, pregnant or breastfeeding women, as well as female patients who were not willing to use contraception for the duration of the clinical trial period.
Intervention
Two weeks prior to medication, participants signed the consent form and underwent physical examination, pregnancy testing, vital sign measurements, blood tests, and urinalysis; the extent of reflux esophagitis was graded according to the LA classification 13 via upper endoscopy as follows: Grade A: one or more mucosal breaks no longer than 5 mm, none of which extends between the top of the mucosal folds; Grade B: one or more mucosal breaks longer than 5 mm, none of which extend between the top of 2 mucosal folds; Grade C: mucosal breaks that extend between the top of 2 or more mucosal folds, but which involve less than 75% of the overall esophageal circumference; Grade D: mucosal breaks which involve at least 75% of the esophageal circumference. Participants deemed suitable for the experiment during the screening period underwent a second inclusion/exclusion criteria check; the participants were then randomly allocated to a group, and prescribed with the trial medications. The experimental group (E+M group) took Esomezol capsules (Esomeprazole strontium tetrahydrate 40 mg; Hanmi Pharmaceutical Co, Ltd, Seoul, Korea) once daily and Mosazal tablets (Mosapride citrate 5 mg; Hanmi Pharmaceutical Co, Ltd) 3 times daily for 8 weeks; the control group (E only group) took Esomezol capsules and placebo tablets with identical dosing frequency and duration.
Four-and eight-week post-medication vital signs, GERD symptoms, and compliance were assessed; at 8 weeks post-medication, a follow-up upper endoscopy was also performed. Random allocation was achieved by block randomization, and the study used a double-blind design to minimize bias. Medication with drugs that could affect the clinical trial was banned during the trial period.
Assessment of Gastroesophageal Reflux Disease Symptoms
In order to establish the severity of GERD symptoms, a questionnaire was used to evaluate the extent of heartburn, acid regurgitation, upper abdominal pain, belching, dyspepsia, and nausea on a 5-point Likert scale (0-4): 0, no symptoms; 1, feel symptoms but can easily endure and not long; 2, feel inconvenience due to symptoms but no interference with normal activity; 3, feel marked inconvenience due to symptoms and interference with normal activity; 4, severe symptoms that cannot endure and marked interference with normal activity, and the frequency of each symptom on a 6-point Likert scale (0-5), and then multiplying the scores for severity and frequency was calculated. 11 The total symptom score was calculated as the sum of each of the 6 sub-scores.
All participants were asked whether GERD symptoms had been sufficiently improved by 4 and 8 weeks of treatment. After the participants had completed a questionnaire about GERD symptoms, the rate of improvement for the total score, and for individual sub-scores were calculated. Additionally, changes in the frequency of patients with reductions in GERD related upper abdominal pain and dyspepsia after 8 weeks of treatment were evaluated.
Assessment of Adverse Events
After drug administration, adverse events (diarrhea, nausea, headache, dizziness, itching, urticaria, etc) and severe adverse events were investigated for each treatment group, and the incidence of each of these events was compared between the groups. Changes in general blood test results, blood chemistry tests, and urinalysis were examined at 4 and 8 weeks after treatment and compared to the baseline. Similarly, changes in vital signs were also analyzed at 4 and 8 weeks and compared to the baseline.
Study Endpoints
The primary endpoint was evaluated in terms of the proportion of patients who improved by at least 1 grade according to the LA classification between the endoscopy result prior to medication and endoscopy result after 8 weeks of medication. The secondary endpoint was improvement in the total GERD score and individual symptom scores relative to the baseline at 4 and 8 weeks of medication. Additionally, changes in the frequency of patients with reductions in GERD related upper abdominal pain and dyspepsia after 8 weeks of treatment were evaluated.
Statistical Methods
The number of participants was selected by calculating the number required to compare the primary efficacy outcome (healing rate by the LA classification method) between the groups. Given the predicted healing rates for the E+M group and the E only group of 97% and 77%, respectively, 80% power, 5% type 1 error, and a 20% dropout rate, the total number of participants required was determined to be 110.
Among the participants initially allocated to a group, those who completed the whole trial were defined as the per-protocol (PP) population; those who took the trial drug at least once and underwent efficacy tests at least once were defined as the intention-to-treat (ITT) population, and the efficacy analysis for ITT population was also included. Background analysis, including demographic characteristics, was performed on all clinical trial participants randomly allocated to a group, safety analysis was performed on the safety population, and efficacy analysis was performed on the PP and ITT populations.
For continuous variables, the number of subjects and the mean ± standard deviation is given; for categorical variables, the frequency and percentage are presented. All continuous variables were tested for normality, and depending on the results, they were analyzed with either a two-sample or paired sample t test for normal distributions, or with the Mann-Whitney U test or Wilcoxon signed rank test for non-parametric distributions. Categorical variables were analyzed with the Pearson Chi-squared test or Fisher's exact test. All analyses were performed as two-tailed tests with a significance level of 5%, meaning that results with a P-value of less than 0.05 were considered statistically significant. SPSS for Windows ver 21.0 (SPSS Inc, Chicago, IL, USA) was used for statistical analysis.
Results
Characteristics of the Participants
A total of 117 patients were subject to screening, and after one was excluded due to withdrawal of consent, the remaining 116 participants were randomly allocated into groups, with 60 in the E+M group and 56 in the E only group. A further 3 participants were excluded for not taking the trial drug, while 4 were excluded because they did not undergo efficacy indicator assessment. The remaining 109 participants (E+M group, 56 participants; E only group, 53 participants) were included in the ITT population. Finally, 91 participants (E+M group, 48 participants; E only group, 43 participants) were included in the PP population; 18 participants were excluded for protocol violations, adverse events, withdrawal of consent, or other reasons (Fig. 1) .
The average age for the E+M group was 54.9 ± 11.1 years, Subject disposition and analysis population of the study. E+M group, esomeprazole 40 mg once daily plus mosapride 5 mg 3 times daily for 8 weeks; E only group, esomeprazole 40 mg once daily plus placebo 5 mg 3 times daily for 8 weeks.
and for the E only group was 55.8 ± 9.9 years. Both groups contained more men, with a male-to-female ratio of 38:22 (63.3%) in the E+M group and 40:16 (71.4%) in the E only group. There was also no significant difference between the groups in age, sex, smoking history, alcohol consumption, dietary and exercise habits, previous or concomitant medication history, disease history, or endoscopic LA classification (Table 1) . 
Efficacy Assessment
Endoscopic healing rates according to the Los Angeles classification
Of the participants in the PP population, the number showing improved endoscopic findings according to the LA classification was 32 (66.7%) in the E+M group and 26 (60.5%) in the E only group (P = 0.692) ( Table 2 ). When the ITT population was analyzed, the number of participants showing improved endoscopic findings was 33 (66.0%) in the E+M group and 26 (60.5%) in the E only group (P = 0.736) ( Table 2) . Changes in total and individual gastroesophageal reflux disease symptom scores after 4 and 8 weeks of medication Changes in gastroesophageal reflux disease (total score) symptoms after 4 and 8 weeks of medication. In the PP analysis population, the total scores for GERD symptoms after 4 weeks of medication showed no statistically significant difference between the 2 treatment groups (P = 0.095). Both groups showed a significant decrease in total scores relative to baseline at 4 and 8 weeks after medication (4 and 8 weeks: E+M group, P < 0.001; E only group, P < 0.001) ( Table 3 ). In the ITT analysis population, the 2 treatment groups did show a significant difference in the absolute change in GERD total symptom scores relative to the baseline at 4 weeks (P = 0.041) ( Table 4) .
Changes in heartburn symptom after 4 and 8 weeks of medication. When the change in heartburn relative to the baseline at 4 and 8 weeks was analyzed for the 2 groups, a significant decrease was observed in both groups (E+M group, P < 0.001; E only group, P < 0.001; both at 4 and 8 weeks) (Table 3) .
Changes in acid regurgitation symptom after 4 and 8 weeks of medication. The change in acid regurgitation scores relative to the baseline for the PP analysis population at 4 and 8 weeks after medication decreased significantly for both groups (E+M group, P < 0.001; E only group, P < 0.001; both at 4 and 8 weeks) (Table 3) .
Changes in upper abdominal pain symptom after 4 and 8 weeks of medication. In the PP analysis population, changes in upper abdominal pain scores relative to the baseline at 4 and 8 weeks after medication, showed a statistically significant decrease in both groups (Table 3 ). In the ITT analysis population, there was a statistically significant difference between the 2 groups in upper abdominal pain score after 4 weeks (P = 0.030), and the improvement relative to the baseline after 4 weeks of medication was significantly higher in the E+M group than in the E only group (P = 0.018). The change at 4 weeks was analyzed relative to the base- line for both treatment groups, but a statistically significant decrease was observed only in the E+M group (E+M group, P < 0.001; E only group, P = 0.101). When the change in upper abdominal pain scores relative to the baseline was analyzed at 8 weeks, a statistically significant decrease in both groups was observed, similar to the PP analysis population (E+M group, P < 0.001; E only group, P = 0.001) ( Table 4) .
Changes in belching symptom after 4 and 8 weeks of medication. The change in belching scores relative to the baseline at 4 and 8 weeks was analyzed in both groups, but only the E+M group showed a statistically significant decrease (4 weeks: E+M group, P < 0.001; E only group, P = 0.104; 8 weeks: E+M group, P < 0.001; E only group, P = 0.001). The change in belching scores after 4 weeks showed an almost significant difference between the 2 groups (P = 0.060) ( Table 3 ). The ITT analysis population showed similar results to the PP analysis population, except that the change relative to the baseline at 4 weeks showed a significantly greater improvement in the E+M group than in the E only group (P = 0.013) ( Table 4) .
Changes in dyspepsia symptom after 4 and 8 weeks of medication. In the PP analysis population, the change in total dyspepsia scores relative to the baseline after 4 and 8 weeks of medication showed a statistically significant decrease in both treatment groups (4 weeks: E+M group, P = 0.008; E only group, P = 0.004; 8 weeks: E+M group, P = 0.002; E only group, P = 0.001) ( Table 3) .
Changes in nausea symptom after 4 and 8 weeks of medication. In the PP analysis population, the change in total nausea scores relative to the baseline at 4 weeks was analyzed for each group, but only the E only group showed a statistically significant decrease (E+M group, P = 0.097; E only group, P = 0.019). The change in total nausea scores relative to the baseline at eight weeks showed a significant decrease in both groups (E+M group, P = 0.009; E only group, P = 0.010) ( Table 3 ). In the ITT analysis population, the change relative to the baseline at 8 weeks did not show a significant change in either group (E+M group, P = 0.074; E only group, P = 0.079) ( Table 4) .
Change in the frequency of individuals showing reduced upper abdominal pain or dyspepsia after 8 weeks of medication
The frequency of participants showing a reduction in upper abdominal pain scores relative to the baseline was analyzed for the PP PP, per-protocol; ITT, intention-to-treat; E+M group, esomeprazole 40 mg once daily plus mosapride 5 mg 3 times daily for 8 weeks; E only group, esomeprazole 40 mg once daily plus placebo 5 mg 3 times daily for 8 weeks. and ITT analysis populations. There was no statistically significant difference in frequency between the 2 treatment groups for either analysis population (PP, P = 0.370; ITT, P = 0.155) ( Table 5 ). The frequency of participants displaying a reduction in dyspepsia scores was also analyzed, and this also did not show a statistically significant difference between the 2 treatment groups for either analysis population (PP, P = 0.921; ITT, P = 0.634) ( Table 6 ).
Improved rates in total gastroesophageal reflux disease symptoms after 4 and 8 weeks of medication
In ITT analysis population, the proportion of patients showing a reduction in total GERD scores after 4 weeks more than 25% and 50% was significantly higher in the E+M group than the E only group (P = 0.038 and P = 0.028, respectively) (Fig. 2) .
Safety Assessment
The number of participants showing an adverse event during the 8 weeks of treatment was 12 (20.3%) in the E+M group and 11 (20.4%) in the E only group, which was not a statistically significant difference between the 2 treatment groups (P = 0.997). Measurements from laboratory tests were defined as normal or abnormal based on reference values. None of the measured values showed a significant change in the frequency of normal values after treatment. In the E+M group, diastolic blood pressure (DBP) showed a significant decrease after four weeks of medication (P = 0.043), while systolic blood pressure (SBP) and DBP both decreased significantly relative to the baseline after 8 weeks (SBP, P = 0.027; DBP, P = 0.003). In the E only group, body weight increased significantly after 8 weeks of medication (P = 0.012). None of the other variables analyzed showed a significant difference relative to the baseline at any of the time point analyzed.
Discussion
This study aimed to evaluate the safety and efficacy of a combination treatment with esomeprazole and mosapride (E+M) in patients with ERD, by comparing the endoscopic healing rate according to the LA classification obtained with the combination treatment with esomeprazole only (E only) treatment. As shown in the results above, the primary outcome (endoscopic amelioration) showed a significant improvement in both groups, and there was no difference between the E+M and E only groups. In the ITT analysis population, among the results for secondary outcomes (GERD symptoms), upper abdominal pain, belching, and total GERD score showed a significantly greater improvement relative to the baseline in the E+M group than in the E only group after 4 weeks of treatment. Mosapride has a strong effect on belching; hence, although there was some improvement in the symptom with esomeprazole alone, the symptom improved more rapidly when esomeprazole was combined with mosapride. In the analysis of GERD total scores, the ratio of patients with an improvement in symptoms of at least 25% or at least 50% at 4 weeks after medication was significantly higher in the E+M group, which demonstrates that administration of esomeprazole and mosapride together has a more rapid initial symptom improvement in some specific GERD symptoms, such as upper abdominal pain and belching. Since PPIs are unstable at low pH, a long gastric retention time as the result of dysmotility can impair the effect of PPI in inhibiting gastric acid. 14, 15 Therefore, it is beneficial for PPIs to move rapidly into the upper small intestine. In other clinical studies, when a PPI (rabeprazole) was administered in combination with a prokinetic drug, the prokinetic enabled faster transit of the PPI from the stomach to the small intestine, which means that the higher PPI levels were in a stable state in the small intestine, significantly increasing the blood PPI concentration, and suggesting that prokinetics promote PPIs absorption. 16 Given this result, the prokinetic mosapride in the present study may also be responsible for the increased absorbance of the PPI esomeprazole, thereby enabling a more rapid initial improvement in the E+M group. Madan et al 11 compared the effects of pantoprazole and mosapride combination therapy with pantoprazole alone in ERD and NERD patients, and found that GERD symptoms scores were significantly lower in the combination therapy group after 8 weeks of treatment. In particular, they reported that although there was a significant improvement in symptoms with the combination therapy for ERD, no difference was reported between the 2 groups in endoscopic healing. In a randomized, controlled trial, Hsu et al 17 performed 4
weeks of lansoprazole and mosapride combination or lansoprazole alone therapies in ERD patients who had been diagnosed endoscopically. However, there was no difference in GERD symptoms between the 2 groups after treatment (combination therapy 13.4 vs single treatment 10.9, P = 0.103); based on a subgroup analysis, the authors reported that although combination therapy with mosapride had only a small effect on ERD patients, it could still be beneficial for patients with severe symptoms. Another study from Japan reported similar results: although there was no significant improvement in the overall symptoms scores in a combination therapy group, belching symptoms did improve significantly in the single treatment group, and that combination therapy was more effective in ERD than NERD patients. 18 A study from Korea reported that a gastric emptying scan showed an effect for mosapride combination therapy in preventing delayed gastric emptying, and that postprandial bloating and nausea symptoms improved more in the combination therapy group than in the single treatment group. 19 Cho et al 20 compared esomeprazole and mosapride combination therapy with esomeprazole alone treatment and they found that although there was no difference in the treatment response between the 2 groups, an assessment of esophageal peristaltic function using high-resolution manometry showed that there was a greater decrease in intrabolus pressure and an increase in esophageal contractibility relative to the baseline in the combination therapy group than in the single treatment group. Therefore, addition of prokinetics is thought to be useful in GERD patients due to the aforementioned mechanisms.
Moreover, in terms of dyspepsia and acid regurgitation symptoms, the fact that improvements at 8 weeks of medication were greater than those at 4 weeks demonstrates that long-term treatment is required to ease these symptoms. Nausea showed a lower baseline score than other symptoms, resulting in a difficult evaluation of the difference in improvement between the 2 groups.
This study is a double-blind, randomized clinical trial which minimized the bias and confounders. Moreover, we excluded NERD patients and enrolled only symptomatic ERD patients which reduced the heterogeneity of patients. However, our results did not show definite differences between the 2 groups in most of the GERD sub-symptoms that possibly originated from small sample size. Thus, future studies with larger sample sizes will be needed. Another strength of this study is the 8-week treatment period and that evaluated the long term effect of combination therapy. However, the GERD symptoms score questionnaire that was used in this study has some limitations. In fact, it is difficult to distinguish belching from dyspepsia or nausea. Furthermore, we cannot clearly rule out overlap syndrome that overlaps GERD symptoms and dyspepsia. In this study, the endoscopic healing rate at 8 weeks of treatment is lower (60.5% in E only group) than that in a conventional study which report a 92.6% healing rate in an esomeprazole alone group. 21 However, the conventional study analyzed the healing rate by different methods using cumulative life-table healing rates that compensates for the actual time of healing, 21 and the baseline LA classification of patients are also different from the present study.
In conclusion, ERD patients did not show a statistically significant difference in the endoscopic healing rate according to the LA classification when given esomeprazole in combination with mosapride or esomeprazole alone. However, the combination therapy showed a tendency for upper abdominal pain, belching, and total GERD symptoms scores to improve more rapidly. This suggests that combination therapy with esomeprazole and mosapride will be useful for rapid improvement of specific GERD symptoms, such as upper abdominal pain and belching in ERD patients.
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